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area (10) for fastening the leaf spring (2) to the holding
clement (5) and a wheel carrier fastening areca (9) for
fasteming a wheel carrier (4) to the leal spring (2). The
holding element (5) has a deformation zone (23) through
which webs and openings extend for transmission of forces
from the spring fastening areca (10) to the wheel carrier
fastening area (9), such that the webs (S2.1, S2:2, S3.1,
S53.2) and the openings (Al, A2, A3) are formed mirror-
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holding element.
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1
HOLDING ELEMENT FOR A SPRING

This application 1s a National Stage completion of PCT/
EP2014/066944 filed Aug. 6, 2014, which claims priority
from German patent application serial no. 10 2013 217
769.0 filed Sep. 5, 2013.

FIELD OF THE INVENTION

The 1invention concerns a holding element for a spring, in
particular a leal spring, with a spring fastening area for
tastening the leaf spring to the holding element and a wheel
carrier fastening area for fastening a wheel carrier to the leaf
spring, such that the holding element comprises a deforma-
tion zone through which webs and openings extend for the
transmission of forces from the spring fastening area to the
wheel carrier fastenming area. In addition the invention relates
to a use of the holding element and to a method for
producing a holding element.

BACKGROUND OF THE INVENTION

Springs, such as leaf springs, are often used 1n chassis for
the sprung suspension of wheels 1n order to compensate for
bumpiness of the road and thereby improve the driving
characteristics of a vehicle. For this, the wheels or wheel
carriers to which the wheels can be attached are connected
to the vehicle body by control arms and springs. Leaf springs
can also guide and hold the wheels and/or wheel carriers, so
that the wheels are positioned in a controlled position
relative to the chassis and/or the vehicle body.

In the prior art the leaf springs are connected to the wheel
carriers so that transverse forces or lateral forces acting on
the wheels can be transierred to the leaf spring.

From DE 10 2011 081 693 Al holding elements for
wheel-guiding leal springs are known, which can absorb
transverse and lateral forces. Moreover, 1n a deformation
zone very large forces can be absorbed, which can be
produced during a side-impact.

SUMMARY OF THE INVENTION

An objective of the present mvention 1s to provide an
improved holding element.

That objective 1s achieved by a holding eclement as
described below.

The objective 1s achieved by a holding element for a
spring, having a spring fastening area for fastening the leaf
spring to the holding element and a wheel carrier fastening

area element for fastening a wheel carrier to the leaf spring,
wherein the holding element comprises a deformation zone
through which webs and openings extend, for the transmis-
sion of forces from the spring fastening area to the wheel
carrier fastening area. The arrangement 1s characterized 1n
that the webs and openings are positioned mirror-symmetri-
cally relative to the longitudinal axis of the holding element.

Here, the wheel carrier fasteming area 1s the area of the
holding element that serves for fastening the wheel carrier to
the holding element. The wheel carrier fastening area can
also be connected to the wheel carrier by way of a number
of further elements. The spring fastening area serves for
fasteming the leal spring or spring to the holding element.
This area too need not be directly connected to the spring,
but rather, here too one or more other elements can be
arranged between the holding element and the spring. Pret-
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2

erably however, the holding element 1s made integrally and
the wheel carrier and spring are connected directly to the
holding element.

Instead of connecting the spring directly to the wheel
carrier, a separate holding element 1s associated with the
spring by way of which the spring 1s connected to the wheel
carrier. In this case 1t 1s not necessary for the wheel carrier
to be connected directly to the holding element. Rather,
designs are also concervable in which one or more elements

are arranged between the wheel carrier and the holding
clement.

The spring can 1n particular be in the form of a leaf spring,
preferably a transverse leafl spring. A leafl spring 1s under-
stood to be a spring whose main extension direction differs
from the preferred springing direction, 1n particular the main
extension direction 1s essentially perpendicular to the pre-
terred springing direction.

The leal spring can consist of one or more materials, 1n
particular metal and/or plastic. Preferably the leal spring
and/or transverse leal spring 1s made of a fiber-reinforced
composite (FRC) material, preferably glass-fiber-reinforced
plastic. With the last-mentioned material, the spring cannot
be readily joined to connecting components. It should be
borne 1n mind that drilling through FRC afiects the proper-
ties of the matenal, and simply bolting the end of a drilled-
through leaf spring for example to a wheel carrier will not
suiliciently withstand the wheel loads, especially the trans-
verse forces. A holding element encloses the spring, so that
despite destroying the fiber structure, drilling of the FRC
spring 1n order to produce a high-load-bearing connection by
virtue of the holding element 1s possible. Alternatively,
during 1ts production the spring can be perforated in the area
where 1t 1s to be fastened, so that the fiber structure i1s not
destroyed despite the fixing hole 1n the spring.

In particular, the holding element 1s so designed that
during an energy input as a result of which the spring could
be damaged, for example by a lateral or transverse force
produced by abusive misuse of the wheel carrier, the holding
clement 1s deformed selectively 1n such manner that the
energy introduced 1s at least partially attenuated within the
holding element i1tself and only part of the energy introduced
1s transmitted to the spring. This prevents damage to the
spring. Preferably, the deformation of the holding element 1s
of a shape and extent such that the spring remains connected
to the wheel carrier and the wheel can therefore still be
guided by the spring, thereby allowing driving to continue
despite the deformation. Preferably also, buckling of the
wheel carrier fastening area relative to the spring fastening,
area should be prevented so that only lateral forces are
transmuitted.

The force by which the spring could be damaged can be
determined with reference to the size, direction, duration etc.
of the force. It 1s also possible to adapt the holding element
in such manner that damage to other components, 1n par-
ticular ones associated with the spring such as mountings, 1s
prevented.

Particularly preferably, however, the deformation of the
holding element can be clearly perceived from the driving
behavior of the vehicle and/or 1s even visible, so that the
driver of the vehicle 1s made aware of the damage to the
holding element by the driving behavior of the vehicle and
1s therefore motivated to eliminate the damage. Thanks to
the deformation of the holding element damage to the spring
1s prevented, so that in the event of damage only the holding
clement has to be replaced and the usually much more
expensive spring itsell can be retained.
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Preferably, by virtue of the deformation of the holding
clement the position where the wheel carner 1s fastened to
the holding element 1s displaced relative to the fasteming of
the spring to the holding element, so when the holding
clement 1s 1n use the wheel position, such as 1ts tracking
and/or 1ts camber, 1s visibly altered and this can be seen from
outside by the driver.

Preferably, the holding element 1s made of a metal such as
steel and/or a light metal such as aluminum, in particular 1n
the form of a continuously-cast component. However, hold-
ing elements made of composite materials such as fiber-
reinforced plastic, 1n particular glass-fiber-reimnforced plas-
tic, are also conceivable.

The deformation zone 1s designed 1n such manner that
under low lateral forces or standard loading conditions it
behaves elastically, so that during normal operation no
permanent changes of the wheel position take place. When
excessive loads occur plastic deformation takes place 1t a
force that exceeds a certain limit value (lateral force greater
than in the standard loading case), and 1n particular which
could result in damage to the spring, 1s transmitted from the
wheel carrier fastening area to the spring fastening area. The
holding element can be deformed by lateral forces in such
manner that when the forces transmitted are within the
standard loading condition, the holding element deforms
hardly at all or only elastically to a small extent, so that
stable and constant guiding of the wheels 1s enabled. But 1t
a force 1s introduced into the holding element which 1s large
enough for the spring to be permanently damaged (an
abusive, misusing force), then the deformation zone of the
holding element 1s plastically deformed and due to the
plastic deformation the energy 1s dissipated and not trans-
mitted onward to associated components such as the spring.

Preferably, by virtue of the deformation 1n the deforma-
tion zone the wheel carrier fastening area moves closer to the
spring fastening area. Due to the deformation the position of
the wheel carrier relative to the spring can change. Due to
the changed position of the holding element the wheels can
move to a toe-1n or toe-out position, or mdeed the wheel
camber can change, depending on how the holding element
1s fastened to the wheel carrier. This results 1n noticeably
altered driving behavior or to a change of the wheel position
relative to the vehicle body that can be seen from outside.

The deformation zone 1s arranged 1n such manner that a
force transmitted from the wheel carrier fastening area to the
spring fastening area is transferred by way of the deforma-
tion zone. In particular, the deformation zone connects the
wheel carrier fastening area to the spring fastening area.

In the main extension direction of the spring, the defor-
mation zone 1s between the wheel carrier fastening area and
the spring fastening area. The spring fastening are is the area
where the spring 1s fastened to the holding element. In its
fastening area the spring can be surrounded by the holding
element and thus held on several sides. In addition, in the
fastening area the holding element can be connected detach-
ably or permanently to the spring by friction force and/or
with interlock by some attachment means, such as a screw-
bolt, a rivet or even a clamp. The wheel carrier fastening area
1s the area where the holding element 1s designed such that
it can be connected indirectly or directly to the wheel carrier.
The arrangement of the deformation zone between the wheel
carrier fastening area and the spring fasteming area, prefer-
ably along the main extension direction of the spring,
cnables the holding element to be designed such that 1t acts
as an extension of the spring. This enables the holding
clement also to be used 1n spring designs or chassis 1n which
previously no, or no such holding element 1s provided, since

10

15

20

25

30

35

40

45

50

55

60

65

4

the holding element can extend 1n the direction of the spring
and thus continue the shape of the spring.

It 1s also possible, however, in the main extension direc-
tion of the spring, to arrange the wheel carrier fastening area
alongside or oflset relative to the spring fasteming area and
thus to enable the spring to be accommodated 1n a variety of
fitting spaces.

The invention 1s characterized in that relative to 1its
longitudinal axis the holding element 1s designed mirror-
symmetrically. This 1s particularly the case 1n the area of the
deformation zone and the wheel carrier fastening area.
Largely, however, this also applies to the spring fastening
arca. In the deformation zone i1n particular, the webs and
openings are formed mirror-symmetrically relative to the
longitudinal axis of the holding element. Here, mirror-
symmetrically means 1n particular that the upper half of the
holding element would come to coincide with the lower half
if 1t were swiveled about or reflected in the longitudinal axis.
Thanks to the uniform arrangement of the webs and open-
ings an overall homogeneous component 1s produced, which
has advantages during the loading with lateral or transverse
forces already mentioned earlier when such forces act from
the wheel side upon the spring. More details will be given
later about the arrangement of the webs and openings.

Owing to the mirror-symmetrical design of the holding
clement the outer contour of the holding element 1s also
mirror-symmetrical relative to the longitudinal axis. This 1s
particularly the case in the forward area of the holding
clement, which faces away from a first separating wall.
Essentially, the mirror-symmetry also applies to the outer
contour of the holding element 1n the spring fastening area,
since the outer contour of the webs, which also surround the
spring or leal spring, i1s designed substantially symmetri-
cally. The symmetrical arrangement of the outer contour 1s
only iterrupted by holes or bores, which can be present 1n
at least one of the webs. This depends on the fastening
variant used in each case. As already said earlier, for
example a screw-bolt connection can be used. With a
through-going screw-bolt connection bores in both webs are
needed. If as the fastening variant a clamp or a screw on one
side only 1s used, then the outer contour of at least one web
in the spring fastening area 1s interrupted by a through-hole.
In a preferred embodiment the webs 1n the spring fastening
area are arranged only approximately mirror-symmetrically.
If the spring fastening area 1s approximately wedge-shaped
so that the diameter of at least one web of the spring
fasteming area decreases from the {first separating wall
toward the end of the at least one fastening web, a wedge-
shaped interlock with the also wedge-shaped end of the
spring can be produced. In this case a web 1s shaped such
that 1ts mner contour forms a wedge with its outer contour,
in particular a wedge with a gradient of 5°. It has been shown
that with an interlock having such a wedge shape, simple
screwing of the end of the leal spring 1s suthlicient. It 1s
understood that for assembly purposes the wedge-shaped
end of the leaf spring must be introduced laterally into the
holding element 1n order then to secure 1t by means of the
single screw. By virtue of the front inner surface of the
separating wall facing toward the spring, the spring can rest
in the transverse direction against the holding element.
Thanks to the wedge-shaped 1nterlock, the end of the spring
1s held securely 1n the holding element.

Preferably, 1n the front area of the holding element, 1.e. 1n
that part which faces away from the spring fastening area,
the outer contour 1s designed such that 1t has two raised
portions facing away from the longitudinal axis and between
them a depression facing toward the longitudinal axis. This
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means that the diameter of the holding element measured
perpendicularly to the longitudinal axis, 1n the area where
the spring 1s fastened, 1s at first uniform but then, from about
the first separating wall, increases in the direction toward the
wheel carrier fastening area. The steady diameter increase 1s
given by a raised portion, which having regard to the outer
contour can also be called a peak. Beyond the raised portion
the diameter decreases uniformly and thus forms a trough.
Beyond the trough the diameter increases again, preferably
not to the same extent as the first raised portion, and then
decreases again so that the outer contour also decreases
uniformly and follows parallel to the mner contour of the
opening in the wheel carrier fastening area. In other words,
starting from the fastening webs 1n the spring fastening area,
the aforesaid raised portions extend in a wave shape with
two peaks and a trough between them. Thus, the outer part
of the holding element 1s formed by the webs 1n the fastening
area, which encounter the first separation wall and are
connected thereto, and on which further outer webs with the
aforesaid contour extend, which are wave-shaped and then
merge into the wheel carrier fastening area. The wheel
carrier fastening area 1s formed by an opening and 1s a round,
in particular circular opening like a bearing eye of the type
known for example from vehicle chassis control arms.

It has already been said previously that the deformation
zone 1s provided in order to absorb lateral forces. In par-
ticular the deformation zone should deform plastically when
the standard loading condition 1s exceeded. The particular
shape of the outer contour 1s chosen such that when acted
upon by a lateral force the deformation zone deforms
plastically 1n a selective manner. In particular, the wave-like
arrangement of the outer webs and the shape of the outer
contour enable a selective absorption of forces applied from
the wheel side. Particularly in collaboration with the
arrangement of the webs and opemings this 1s advantageous,
as will be described 1n more detail later. Thanks to the
special arrangement ol the webs and openings and the
choice of outer contour, buckling of the front portion of the
holding element, 1.e. the wheel carrier fastening area and the
deformation zone relative to the spring fastening area, 1s
prevented so that the guide mounting held by the opening
remains on the longitudinal axis. In other words the holding
clement 1s so designed that depending on the load, a par-
ticular deformation path 1s defined. Bucking 1s understood to
be a movement transversely to the longitudinal axis, such
that 1n an extreme case the wheel carrier fastening area could
even move around the other area or even be sheared off,
which the present holding element 1s designed to avoid.

Preferably, the webs are arranged between the wheel
carrier fastening area and the spring fastening area whereas
the opemings extend at least partially into the wheel carrier
fastening area. The spring fastening area 1s separated from
the other two areas by the first separating wall. The defor-
mation zone 1s located between the first separating wall and
the second separating wall, which ends before the opening.
The actual wheel carrier fastening area extends starting from
the second separating wall, by way of the opening, to the
wheel-side end of the holding element. When openings
extend partially into the wheel carner fastening area, this
means that the opemings are not arranged exclusively
between the first and second separating walls, but extend
beyond the second separating wall 1n the direction toward
the wheel carrier fastening area. Thanks to this as well,
depending on the load a particular deformation path 1is
produced. In this context, when deformation 1s mentioned
this means in the first instance the deformation 1n the
direction of the longitudinal axis. Besides the deformation 1n
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the transverse direction due to the action of transverse
forces, 1t 1s however also advantageous 1f some areas of the
holding element can move transversely to the longitudinal
axis 1n the vertical direction. Besides being favored by the
shape of the outer contour and outer webs, this 15 also
favored if the opemings extend partially into the wheel
carrier fastening area.

Preferably, 1n the deformation zone the webs form a cross
such that two of the webs extend from a common crossing,
point at first approximately in the vertical direction. The
webs then end as 1f at an opening and then continue 1n the
direction of the second separating wall, into which they
merge. Two of the webs extend from the crossing point at an
angle of about 45° relative to the longitudinal axis toward
the first separating wall, the crossing point lying on the
longitudinal axis. Thanks to the special arrangement of the
struts the holding element can be designed such that 1t can
absorb high forces from various directions so as to enable a
stable positioning of the spring relative to the wheel carrier.
As already explained, the struts and their particular arrange-
ment enable a defined deformation of the deformation zone
when 1t 1s exposed to high lateral or transverse forces.
Thanks to the arrangement of the first and second separating
walls of the outer and mner webs, a structure 1s produced
which particularly by virtue of its symmetrical arrangement,
enables a particular load-dependent deformation path.

Preferably, the vertical portion of the webs and the webs
projecting 1n the direction of the second separating wall have
approximately equal material thickness, in particular actu-
ally equal material thickness. The material thickness of the
struts 1s understood to be their cross-section or width. The
shape and cross-section of the struts are adapted to the force
to be transmitted. In particular, the directions of the struts
enable a preferred force mput so that after the action of
lateral forces the opening moves along the longitudinal axis
toward the spring. In this case the struts are designed such
that when a lateral force acts upon the wheel carrier fasten-
ing area, the vertical part of the webs act as tensile struts and
the webs projecting in the direction toward the first sepa-
rating wall act as compression struts. By virtue of the design
of the vertical webs as tensile struts, when lateral forces act
upon the wheel carnier fastenming area a deformation takes
place, which 1s approximately and in particular actually
transverse to the longitudinal axis. The webs that extend at
an angle of about 45° relative to the longitudinal axis in the
direction toward the first separating wall enable a deforma-
tion both 1n the direction of the longitudinal axis and also 1n
the direction transverse to the longitudinal axis. Thus, the
arrangement of webs contributes toward allowing move-
ment of the opening or the wheel carrier along the longitu-
dinal axis in the direction toward the spring or spring
fastening area.

Preferably, starting from the crossing point and as far as
the first separating wall an opening 1n the shape of an
approximately equilateral triangle 1s formed, one side of
which extends approximately vertically and parallel to the
first separating wall. Thus, the triangular opening 1s bounded
by the separating wall and the two imnward-projecting webs.
This shape of opening also contributes toward the preferred
deformation movement along the longitudinal axis of the
holding element.

Preferably, on the side facing away from the triangle and
between the second separating wall and the vertical webs a
circular-segment-like opeming 1s formed and delimited by
them, such that starting from the ends of the vertical webs
a circular section extends in the direction of the wheel carrier
fastening area. The vertical width of the circular-segment-
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like opening corresponds approximately to the vertical width
of the triangular opening or that of the triangle bounded by
the webs. This 1s an opening formed between the triangular
opening and the opeming of the wheel carrier fastening area.
Clearly, when a transverse force 1s acting the diameter of the
circular-segment-like opening decreases. With this shape of
opening as well, a deformation movement along the longi-
tudinal axis 1s forced. Preferably, the circular section has a
shape such that the circular section runs parallel to the outer
contour of the holding element and/or parallel to the contour
of the opening 1n the area of the longitudinal axis.

In a further preferred embodiment two openings extend
beginning from the wheel carrier fastening area approxi-
mately parallel to the outer contour of the holding element
as far as the deformation zone, such that the openings extend
as Iar as an area between the vertical webs and the webs that
project 1in the direction of the first separating wall. The
openings are again arranged symmetrically relative to the
longitudinal axis. These openings extend from the deforma-
tion zone into the wheel carrier fasteming area, and their
inner contour, which faces away from the longitudinal axis,
runs partially parallel to the outer contour, particularly in the
area of the wave-shaped outer contour, so that they run
parallel to the two raised portions and the one depression in
the outer contour. The openings have an approximately
tubular shape such that the diameter along the outer contour
can vary or can extend uniformly over the length of the
opening. These openings are also involved 1n preventing a
previously mentioned buckling from taking place in the
deformation zone. Thanks to the openings, the webs that
extend on the outside of the holding element deform selec-
tively under the action of a longitudinal force and enable the
web material on the outside to move out of the way
transversely to the direction of the longitudinal axis.

In a preferred embodiment, into the previously mentioned
openings there projects 1 each case an end-stop arranged
mirror-symmetrically relative to the longitudinal axis
between the vertical webs and the web extending obliquely
backward 1n the direction of the first separating wall, which
stop cooperates with the respective vertical web, 1n particu-
lar 1ts end area, when a lateral force acts upon the wheel
carrier fastening area. Preferably, the stop 1s connected to the
outer web 1n each case and 1s formed 1ntegrally with 1t, such
that the outer contour of the stop and the iner contour
between the vertical web and the web projecting toward the
first separating wall extend approximately parallel to one
another. In other word the contours (1nner contour and outer
contour) form the points of a double arrow. When a lateral—
or transverse—Ilorce acts upon the wheel carrier fastening
area along the longitudinal axis a deformation takes place
within the deformation zone, such that with increasing
deformation at least one vertical web comes 1nto contact
with the respective stop close to it. Depending on the action
or direction of the force, by virtue of the stop 1n combination
with the vertical web buckling of the wheel carrier fastening,
area or deformation zone relative to the spring fastening area
1s eflectively prevented. Even if the force acting, or its
direction, deviate from the longitudinal axis of the holding
clement 1n such manner that at first only one stop comes into
contact with one web, whereas the other vertical web 1s not
yet 1 contact with the other stop, then with further plastic
deformation there takes place, as it were, a rotation or tilting
about the already active stop or point of contact, such that
with further plastic deformation rotation takes place about
that point in the opposite direction until the other vertical
web comes 1nto contact with the other vertical stop. Thus,
not only 1s buckling under a lateral force direction that
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deviates from the longitudinal axis avoided, but also the
load-dependent deformation path 1s still maintained so that
the deformation takes place along the longitudinal axis.

Preferably, when the holding element 1s not under load the
stop 1s arranged approximately parallel to the web extending
obliquely 1n the direction of the first separating wall, 1n
particular the stop encloses an angle of approximately 45°,
preferably actually 45° with the longitudinal axis. With this
arrangement the previously mentioned behavior of the wheel
carrier fastening area relative to the spring fastening area 1s
forced and the rotation, tilting or even pivoting back are
selectively achieved thereby.

A holding element with the aforesaid design features and
the effects stemming therefrom can be used to good advan-
tage 1 a vehicle axle with a leaf spring. In particular, such
a holding element 1s suitable for a wheel-guiding leat spring
with which the lateral forces are not taken up or absorbed by
additional or by the usual transverse control arms, but by the
leat spring alone.

Preferably, the holding element with the aforesaid design
features can be made from continuously-cast light metal.
After the continuous casting, depending on the width
required having regard to the spring to be used a holding
clement of appropriate width can be cut or separated from
the strand. This constitutes an 1nexpensive production
method for a particularly advantageous component for a
wheel-guiding leat spring.

Preferably, the wheel carrier fastening area comprises a
mounting such as a rubber mounting for connecting or
articulating the wheel carrier to the holding element. The
connection 1s 1n particular an elastic connection. Such a
mounting serves to fasten the wheel carrier movably to the
holding element so that, for example, in combination with
the wheel-guiding spring or transverse leaf spring, the wheel
can be guided and/or steered by way of the holding element.

In this case the mounting can be held by friction force or
interlock 1n a preferably annular holder formed by the
holding element.

The holding element can be part of a McPherson rear axle
with a wheel-guiding transverse leal spring. However, the
holding element can also be used 1n other axle designs with
wheel-guiding transverse leal springs or longitudinal leaf
springs and spring links or other chassis components or
assemblies, 1 particular made from composite materials,
especially fiber composite materials such as fiber-reinforced
plastics.

BRIEF DESCRIPTION OF THE DRAWINGS

Below, the invention 1s described with reference to pre-
terred embodiments illustrated 1n the drawing, which shows:

FIG. 1: A chassis,

FIGS. 2a, b, c: A holding element according to the prior
art,

FIG. 3: A holding element according to the mvention, 1n
a perspective representation with a transverse leal spring,

FIG. 4: Side view of the holding element according to
FIG. 3,

FIG. 5: A holding element according to FIG. 4 loaded with
a lateral or transverse force,

FIG. 6: A further loaded holding element according to
FIG. 5.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

FIG. 1 shows a chassis 1 of the type that can be used for
example as the rear axle of a passenger car. The chassis has
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two wheel carriers 4, 4' on which wheels can be fitted by way
of wheel bearings. To the wheel carriers 4, 4' are attached 1n
cach case a trailling arm 7, 7' and a transverse control arm 8,
8'. In this case the trailing arms 7, 7' extend approximately
in the longitudinal or travel direction of the vehicle and the
transverse control arms 8, 8' approximately 1n the transverse
direction, 1.e. transversely to the travel direction of the
vehicle. The transverse control arms and trailing arms are in
each case attached at one end to the wheel carriers, while the
other end i1s arranged on the vehicle body.

In addition the chassis 1 has two dampers 3, 3' also
attached at one end to the wheel carriers, while the other end
of the damper 3, 3' 1s connected to the body, with overlap.

Whereas the arms 7, 7' and 8, 8' determine the movement
path of the wheel carriers 4, 4' relative to the body, for
wheel-guiding purposes the dampers additionally damp the
movement of the wheels relative to the body when required
to do so by the road conditions.

From left to right, the chassis 1 comprises the following
components: wheel carrier 4, holder 5, transverse leaf spring
2, trailing arm 7, damper 3, transverse control arm 8, leaf
spring holder 6, leat spring holder 6', transverse control arm
8'. damper 3', trailing arm 7', holder 5' and wheel carrier 4'.

The two wheel carriers 4, 4' are connected by way of a
spring 2, 1n particular a transverse leal spring 2, which
preferably consists of a composite material such as glass-
fiber-reinforced plastic or fiber-reinforced plastic. The trans-
verse leal spring 2 extends transversely to the main vehicle
axis, 1.e. as a rule transversely to the travel direction, and 1s
connected to the vehicle body by two leal spring holding
clements 6, 6', which can be arranged 1n the middle third of
the transverse leal spring. The transverse leal spring 2 1s
connected at 1ts ends to the wheel carriers 4, 4' by means of
holders 5, §'.

FIG. 2a shows an embodiment of a holding element 5
according to the prior art. In this case the webs 24, 25 have
a smaller width than the webs 13 and 14 of the spring
fastening area, and are connected by further webs 29 to the
second separating wall 28 and the first separating wall 34.
The webs 29 have the same width or diameter as the webs
24 and 25 and are arranged at an angle to the webs 24 and
25. In this case one web 29' connects the web 24 to the
second separating wall 28, one web 29" the web 24 to the
first separating wall 34, one web 29" the web 25 to the
second separating wall 28 and one web 29" " the web 25 to
the first separating wall 34. The webs 29' and 29" and the
webs 29" and 29" " are connected to one another respec-
tively and cross at several points. By virtue of the web
arrangement an intermediate space 30 1s formed 1n the
deformation zone, with an approximately quadrlateral
cross-section 1n the middle, adjacent to six intermediate
spaces 31a, 315, 31c, 31d, 31e, 31f which have approxi-
mately triangular cross-sections.

FIG. 256 shows a perspective view of the holding element
5 of FIG. 2a.

FIG. 2¢ shows a holding element 5 according to FIG. 24
in a deformed condition, after an excessive lateral or trans-
verse force has been applied from the wheel side. In this case
the webs are bent outward by different amounts and the
intermediate spaces 31a to 31/ are differently deformed by
compression. It can be seen from all three of FIGS. 2a, 256
and 2c¢ that the components have no longitudinal axis such
that the longitudinal axis could be a common axis of
symmetry for a component of mirror-symmetrical design.

FIG. 3 shows a perspective view of a holding element 3,
which 1s shown with a transverse leaf spring 2 fitted into its
spring fastening area. The wheel carrier fastening area
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extends from the first separating wall 34 to the ends of the
webs 13 and 14. The web 14 1s wedge-shaped and so enables
interlocking, secure gripping of the end of the spring 19. The
deformation zone 1s located between the first separating wall
34 and the opening 11. The deformation zone 1s followed by
the wheel carrier fastening area, which 1s arranged around
the opening 11. In the deformation zone there are various
openings, namely a triangular opeming A3, a circular-seg-
ment-like opening Al and two wave-shaped openings A2. IT
the outer contour 1n the area of the spring fastening area, 1.¢.
the outer contour of the webs 13 and 14 1s flat, then farther
along 1n the direction of the wheel carrier fastening arca 9
toward the opening 11 it 1s wave-shaped. From FIG. 3 1t can
be seen that the wave shape 1s formed by two wave peaks 21
and a wave trough 22. Within the deformation zone or
between the openings Al, A2, A3 are arranged webs S2.1,
S2.2, which extend vertically and approximately parallel to
the first separating wall 34. The webs have a common
crossing point K with the further webs S3.1 and S3.2, which
project from the crossing point K outward and obliquely 1n
the direction of the outer contour and in the direction of the
first separating wall 34.

FIG. 4 shows a holding element 5 like the holding element
in FIG. 3, a side view of which 1s shown in FIG. 4. From
both FIG. 4 and FIG. 3 1t can be seen that there 1s a
through-bore 17 1n one of the webs 14. This through-bore
serves for the frictional fixing of the end of the transverse
leat spring 19 or the transverse leat spring 2 in the holding
element. A front inside surface 27 1s shown, which 1s
provided as a supporting surface or to absorb the lateral
forces that act from the wheel carrier, by way of the opening
11, upon the holding element and thus on the transverse leat
spring. As already said in connection with FI1G. 3, The spring
fastening area 10 extends from the ends of the webs 13 and
14 to the first separating wall 34. The deformation zone
extends from the first separating wall 34 to the second
separating wall 28 and 1s delimited on the outside by the
webs 24 and 25 which, as already said 1n connection with
FIG. 3, are provided with an external wave shape with wave
peaks or raised areas 21 and a wave trough or depression 22
between them. Finally, the wheel carnier fasteming area
extends from the second separating wall 28 to the outer
contour 32, which 1s 1n the form of a circular arc that merges
into the raised area or wave peak 21. In the area of the outer
contour 32 the contour, with 1ts circular arc, runs parallel to
the opening 11. The holding element 5 has a longitudinal
axis L which 1s at the same time the axis of symmetry for the
largely mirror-symmetrical holding element 5. The holding
clement 5 1s a component of mirror-symmetrical design,
wherein the mirror symmetry of the webs 13 and 14 only
relates to their outer contours. The deformation zone starting,
from the first separating wall 34 as far as the outer contour
32 is designed completely mirror-symmetrically. As can also
be seen from FIG. 3, between the openings A2 and the outer
contour of the webs 24 and 235 are arranged stops A2.1 and
A2.2. As represented 1n the drawing, the stops are more or
less 1n their rest position. They project into the openings A2
and form with the longitudinal axis L an angle R of
approximately 45°. In this context reference to the rest
position of the stops A2.1 and A2.2 means that as a whole
FIG. 4 shows a holding element 1n the unloaded or normally
loaded operating range (the standard loading case). In the
normal operating range the holding eclement 5 1s not
deformed permanently but reacts to lateral forces in an
clastic manner. Only under high loads, 1.e. lateral forces
which can be said to be an abusive misuse, does the holding
clement deform plastically, 1.e. permanently, as illustrated 1n
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the later figures. Furthermore, FIG. 4 shows within the
opening Al a diameter d1, whose size corresponds to the

undeformed state.

FIG. 5 shows a side view corresponding to FIG. 4, in
which a lateral force I, in the load range corresponding to
an abusive misuse has acted on the holding element 3. It can
be seen that the load 1s approximately parallel to the longi-
tudinal axis L. In the first place 1t 1s evident that the crossing,
point K of the struts S2.1, S2.2, S3.1, S3.2 remains on the
longitudinal axis. The diameter d, of the opening Al 1is
smaller compared with the diameter d, shown in FIG. 4. The
stop A2.2 1s 1n contact with the end of the web S2.2 so that
the lower opening A2 shown in FIG. § 1n divided by the
contact or configuration between the surfaces of the stop
A2.2 and the web S2.2. It can also be seen that the wave peak
or raised area 21 under the crossing point K has moved away
from the longitudinal axis L. compared with FIG. 4. The
deformation V21 can be seen clearly, since the lower peak
21 projects substantially farther from the longltudmal axis L
than does the upper peak 21 above the crossmg point K, so
that 1n this condition the holding element 5 1s no longer
mirror-symmetrical relative to the longitudinal axis L.

FIG. 6 shows the holding element of FIG. 5 after the
turther action ot an abusive misuse load (lateral force F).
The diameter d, of the opening Al 1s substantially smaller
than in the representation mn FIG. 5. In the wheel carrier
fasteming area 9 and the deformation zone 23 the holding
clement 3 1s now again symmetrical relative to the longitu-
dinal axis L. The humps 21 above and below the crossing
point K are now equally deformed, since in the condition
shown both stops A2.1, A2.2 have come 1n contact with the
vertical webs S2.1 S2.2. In the condition shown 1n FIG. 1 a
deformation has taken place 1n such manner that the opening
11 to which the wheel carrier i1s articulated has moved
approximately 3 mm toward the first separating wall 34. It
can be seen that due to the abusive misuse load, the holding
clement has deformed 1n accordance with a predetermined
deformation path. No buckling of the wheel carrier fastening
area relative to the spring fastening area or relative to the
spring has taken place. This 1s because by virtue of the
design of the webs S2.1, S2.2, 24, 25 and the openings Al,
A2, A3, an intended deformatlon path can occur when
abusive misuse loads are applied to the holding element 3 or
to the transverse leal spring 2. During this the webs S3.1 and
S3.2 act as compression struts while the webs S2.1 and S2.2
act as tension struts. In FIG. 6 a rubber mounting 20 1is
shown, which 1s pressed into the opening 11 in the wheel
carrier fastening area. By means of the rubber mounting 20
an articulated connection from the wheel carrier fastening
area to the wheel carrier 1s formed.

It 1s understood that the above-mentioned features of the
invention can be used not only 1n the combination indicated
in each case, but in other combinations as well, or in
1solation, without going beyond the scope of the mnvention.
Likewise, it 1s within the scope of the invention to mechani-
cally reverse the functions of the individual mechanical
clements of the invention.

INDEXES
1 Chassis
2 Transverse leal spring
3, 3' Dampers

4, 4 Wheel carriers

5.5' Holding elements

6, 6' Leat spring holders
7, T Trailing arms
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8, 8' Transverse control arms
9 Wheel carrier fastening area
10 Spring fastening area

11 Opening

12 Holder

13 Web

14 Web

15 Inner surtace
16 Inner surface
17 Through-bore

19 End of the spring

20 Rubber mounting

21 Raised area, wave peak

22 Depression, wave trough

23

Deformation zone
24 Web

25 Web

26 Outer surface

27 Front inner surface

28 Second separating wall

29 Wall

29" Wall

29" Wall

29" Wall

29"" Wall

31a Intermediate space
3156 Intermediate space

31c Intermediate space
31d Intermediate space
31e Intermediate space
31/ Intermediate space

32 Outer contour

34 First separating wall
Al Opening

A2 Opening

A3 Opening, triangular
A2.1 Stop

A2.2 Stop

A3 Opening

d1 Diameter

d2 Diameter
d3 Diameter

S2.1 Web

S2.2 Web

S3.1 Web

S3.2 Web

V21 Deformation

K Crossing point

L. Longitudinal axis, axis of symmetry

o Wedge angle
3 Angle

The mmvention claimed 1s:

1. A holding element for a spring, the holding element

comprising:

a spring fastening area (10) for fastening the spring (2) to
the holding element (5) and a wheel carrier fastening
area (9) for fastening a wheel carrier (4) to the spring
(2).

a deformation zone (23) 1n which a plurality of webs and
a plurality of opemings extend for transmission of
forces from the spring fasteming area (10) to the wheel
carrier fastening area (9), and the plurality of openings
including a first opening and a second opening, and

the plurality of webs (52.1, S2.2, S3.1, S3.2) and the
plurality of openings (Al, A2, A3) being arranged
mirror-symmetrically relative to a longitudinal axis (L)
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of the holding element such that the first and the second
openings are symmetrical relative to the longitudinal
axis.
2. The holding element for the spring according to claim
1, wherein an outer contour (21, 22, 23) of the holding
clement (3), at least 1n a front area facing away from a {first
separating wall (34), 1s formed mirror-symmetrically rela-
tive to the longitudinal axis (L).
3. The holding element for the spring according to claim
1, wherein an outer contour has two raised areas (21), facing
away Irom the longitudinal axis, and a depression (22),
between the two raised areas, faces toward the longitudinal
axis.
4. The holding element for the spring according to claim

1, wherein the plurality of webs (S2.1, S2.2, S3.1, S3.2) are

arranged between the wheel carrier fastening area (9) and the
spring fastening area (10), and the first and the second
openings (A2) of the plurality of openings extend at least
partially into the wheel carrier fastening area (9).

5. The holding element for the spring according to claim

1, wherein the plurality of webs (52.1, 82.2, 83.1, S3.2)

form a cross, such that first and second webs of the plurality
of webs (S2.1, S2.2) extend from a common crossing point
(K) at first 1n an approximately vertical direction and then
continue 1n a direction of a second separating wall (28),
merging into the second separating wall, while third and
tourth webs of the plurality of webs (83.1, S3.2) extend from
the crossing point (K) at an angle of approximately 45° with
respect to the longitudinal axis toward a first separating wall
(34), and the crossing point (K) 1s located along the longi-
tudinal axis (L).

6. The holding element for the spring according to claim

5, wherein vertical portions of the first and the second webs
(S2.1, S2.2) and the third and the fourth webs (583.1, S3.2)

that project 1n a direction toward the first separating wall
(34) are at least approximately of equal material thickness.

7. The holding element for the spring according to claim
5, wherein, when a lateral force (FR) acts upon the wheel

carrier fastening area (9), vertical portions of the first and the
second webs (S2.1, S2.2) act as tension struts and the third

and the fourth webs (S3.1, S3.2), projecting 1n a direction
toward the first separating wall (34), act as compression
struts.

8. The holding element for the spring according to claim
5, wherein, starting from the crossing point (K) and as far as
the first separating wall (34), the first opening (A3) of the
plurality of opemings 1n a shape of an approximately equi-
lateral triangle 1s formed, the crossing point being an apex
of the triangular opening and one side of the first opening
(A3), opposite from the crossing point extends approxi-
mately vertically and parallel to the first separating wall
(34).

9. The holding element for the spring according to claim
8, wherein, on a side of the holding element facing away
from the triangular first opening (A3) between the second
separating wall (28) and the first and the second vertical
webs (S2.1, S2.2), a circular-segment openming (Al) 1s
formed and delimited by the second separating wall and the
vertical portions of the first and the second webs, and
starting from ends of the vertical portions of the first and the
second webs (S2.1, S2.2), a circular section of the first and
the second webs extends 1n a direction toward the wheel
carrier fastening area (9).

10. The holding element for the spring according to claim
9. wherein the circular section of the first and the second
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webs extends at least one of parallel to an outer contour of
the holding element and parallel to an opening (11) in the
wheel carrier fastening area.

11. The holding element for the spring according to claim
5, wherein two openings of the plurality of openings (A2)
extend from the wheel carrier fasteming area (9), beginning
approximately parallel to an outer contour of the holding
clement, into the deformation zone (23), so that the two
openings (A2) extend as far as an area between vertical
portions of the first and the second webs (S2.1, S2.2) and the
third and the fourth webs (83.1, S3.2) that project 1mn a
direction toward the first separating wall (34).

12. The holding element for the spring according to claim
11, wherein a stop (A2.1, A2.2) projects into each of the two
openings (A2) between the plurality of webs (S2.1, S2.2,
S3.1, S3.2), the stops (A2.1, A2.2) are arranged mirror-
symmetrically relative to the longitudinal axis (L), and the
stops (A2.1, A2.2) cooperate with an end area of the
respective vertical portion of the first and the second webs
(S2.1, S2.2) when a lateral force (FR) acts upon the wheel
carrier fastening area (9).

13. The holding element for the spring according to claim
11, wherein each of a pair of stops (A2.1, A2.2) 1s function-
ally connected to a respective outer web (24, 25) and 1s
tformed 1ntegrally with the respective outer web, and an outer
contour of each of the pair of stops (A2.1, A2.2) and an inner
contour between the vertical portion of the first and the
second webs (S2.1, S2.2) and the fourth and the third webs,
projecting 1n a direction toward the first separating wall (34),
extend approximately parallel.

14. The holding element for the spring according to claim
12, wherein, when the holding element (5) 1s not under load,
cach of the pair of stops (A2.1, A2.2) is arranged approxi-
mately parallel to the respective third and the fourth webs
(S3.1, S3.2), and enclose, with the longitudinal axis (L), an
angle of at least approximately 45°.

15. The holding element for the spring according to claim
1, wherein the plurality of webs and the plurality of openings
are deformable to absorb forces exceeding a limit value that
are transmitted to the deformation zone from one of the
wheel carrier fastening area and the spring fastening area
toward the other one of the wheel carrier fastening area and
the spring fastening area.

16. A holding element in combination in a vehicle axle
having a wheel-guiding leal spring, the holding element
comprising;

a spring fastening area (10) for fastening the leaf spring
(2) to the holding element (3) and a wheel carrier
fastening area (9) for fastening a wheel carrier (4) to the
leal spring (2),

a deformation zone (23) in which webs, and openings
extend for transmission of forces from the spring
fastening area (10) to the wheel carrier fastening area
9),

the webs (82.1, S2.2, S3.1, 53.2) and the openings (Al,
A2, A3) are mirror-symmetrical relative to a longitu-
dinal axis (L) of the holding element,

one of the openings has a form of an equilateral triangle
with a base of the triangular opening facing the spring

fastening area and an apex of the triangular opening
facing the wheel carrier fastening area and being
located on the longitudinal axis of the holding element.

17. A method for producing a holding element for a leaf
spring, the holding element having a spring fastening area
(10) for fasteming the spring (2) to the holding element (5)
and a wheel carrier fastening area (9) for fasteming a wheel
carrier (4) to the spring (2), a deformation zone (23) 1n which
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a plurality of webs and a plurality of openings extend for
transmission of forces from the spring fastening area (10) to
the wheel carrier fastening area (9), and the plurality of webs
(S2.1, S2.2, S3.1, S3.2) and the plurality of openings (Al ,
A2, A3) are formed mirror-symmetrically relative to a 5
longitudinal axis (L) of the holding element, the method
comprising;
forming the holding element from continuously-cast light
metal;
arranging a separating wall vertically such that the sepa- 10
rating wall axially separates the spring fastening area
from the deformation zone and the wheel carrier fas-
tening area;
arranging a first and second webs of the plurality of webs
in the deformation zone such that one end of the first 15
web 1s connected to one end of the second web at a
crossing-point that 1s located on the longitudinal axis,
and opposite ends of the first and the second webs are
connected to opposite ends of the separating wall; and
arranging the first and the second webs and the separating 20
wall so as to define one of the plurality of openings
shaped as an 1sosceles triangle, the separating wall
defining a hypotenuse of the triangular opening and the
crossing-point defiming an apex of the triangular open-
ng. 25
18. The holding element for the spring according to claim
15, wheremn the plurality of webs and the plurality of
openings form an intended deformation path when the forces
exceeding the limit value are transmitted to the deformation
zone. 30

16
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